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Strange hadron matter and SU3) symmetry
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We calculate saturation curves for strange hadron matter using recently constructed baryon-baryon potentials
which are constrained by $8) symmetry. All possible interaction channels within the baryon ocensist-
ing of N,A,3, and=) are considered. It is found that a smaAllfraction in nuclear matter slightly increases
binding, but that larger fractions{10%) rapidly cause a decrease. Charge-nedidah,=} systems, with
equal densities for nucleons and cascades, are only very weakly bound. The dependence of the binding
energies on the strangeness per barygn,is predicted for variou$N,A,=} and{N,A,3,E} systems. The
implications of our results in relativistic heavy-ion collisions and the core of a dense star are discussed. We
also discuss the differences between our results and previous hadron matter calculations.
[S0556-28189)06108-1

PACS numbses): 21.65+f, 13.75.Ev, 12.39.Pn, 21.36x

I. INTRODUCTION metastable against the collapse into a hadron system. This
guestion can be answered by comparing the energy of such a
The study of the properties of strangeness-rich systems &ystem with the energy of a strange hadron system with the
of fundamental importance in understanding relativisticsame strangeness quantum number. It is therefore important
heavy-ion collisions[1] and some astrophysical problems to develop theoretical approaches to calculate the energies of
[2]. The qualitative features of such systems and their posstrange hadron systems. In this paper, we report on the first
sible detection in the universe and in relativistic heavy-ionesults of our efforts in this direction. The calculation for the
collisions were first discussed by Bodmgs] in 1971. strange quark gystems with similar sophistication is beyond
Within quantum chromodynamio€CD), it was suggested the scope of this paper.
that the strangeness-rich systems could be strange quark sys-MOSt Of the recent investigations of strange hadron sys-
tems consisting of upu), down (d), and strangés) quarks. tems have been done by using the relativistic mean-field

These exotic systems could be either metastable sfdtes model[9-11,7. In addition to the usuat and » mesons,

against the decays into hadrons, or absolute bound statg%ese models also contair . and ¢ mesons, mtrolduced In
; . order to have strong attractive hyperon-hyperon interactions.
with energies much lower than normal nuclear majttg6).

However, the theoretical calculations for strange quark s S'_I'he vector coupling constants are chosen according (6)SU
T ; g€ q Sy symmetry, while the scalar coupling constants are fixed to
tems are still in the developing stage. For example, withi

ypernuclear data. Extensive calculations for the systems
the MIT bag model it is foundl7] that the stability of the bag cggsisting of {p,n,A,E0,5~ y

; ,E”,E"} mixtures have been per-
strongly depends on the rather uncertain bag conSigil  ¢ormed. Clearly, these calculations are not completely con-
The strange quark matter is absolutely stable

Ua ;g sistent with the S(B) symmetry, sinc&’s are not included
~140 MeV, metastable foBp,,=150—-200 MeV, and un- (for reasons that will be discussed beJowurthermore, it is
stable forBj,>200 MeV. Therefore, one cannot rule out not clear that the values for the coupling constants employed
the possibility that the strangeness-rich systems could b these models are consistent with the very extensive data
strange hadron systems made of nucleons and hyperons; @8 nucleon-nucleonNN) and hyperon-nucleonY(N) reac-
studied, for example, in Ref§8-12. tions. A rigorous prediction should be consistent with both
The production and detection of strangeness-rich mattethe two-body data and the data of hypernuclei.
from relativistic heavy-ion collisions has been studied in re-  An alternative approach is based on the many-body theory
cent year13-17,7. Two scenarios have been discussed.with baryon-baryon potential models. This was first pursued
The first one is the coalescent mechaniftid], which as- by Pandharipandg8] using a variational method and rather
sumes that the produced hyperons are captured by the nearbyude baryon-baryon potentials. This approach has recently
nuclear fragments in the freeze-out region to form multiny-pe revived in Ref[12] by using the Brueckner-Hartree-Fock
peron clusters. The second mechanism is the distillation praapproximation and the Nijmegen soft-coré\ potential[ 18]
cess[13-15,7 associated with the production of a quark- of 1989. There, the authors only consider an infinite system
gluon plasmdQGB in the baryon-rich region. The essential consisting ofA’s and nucleons. It was found that for a given
idea is that thes quarks in a QGP, in whiclss pairs are total baryon densityg the binding energy per baryoigg
abundant, are captured by the surroundingndd quarks, =—E/Ag, decreases as the fraction of strangendss,
liberated from the initial heavy ions, to fork™ andK®. The ~ =|S/Ag|, increases. The most stable system in their ap-
emission of these kaons and other mesons causes cooling @foach hasEg=—E/Az~16.0 MeV, at f,~0.06 andp
the QGP into a strange quark system. The interesting ques-0.23 fm 3. Comparing with the calculations using relativ-
tion to ask is whether this system will be absolutely stable oiistic mean-field models as described above, this investigation
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is rather incomplete since the role & is not explored, 180 . . .
owing to the restriction of the employed Nijmegen potential. 3

The importance oE was pointed out in Ref9]. It is needed n\ — NN

to stabilize the system against the strohgt A— = + N pro- \\ ______ AA

cess, which can occur at relatively low densitylosince the 20 _\:\.\ -—-- IXT=2)

threshold energy for this reaction to occur is only about 28
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MeV. The presence ¢& will Pauli block this reaction. Fur-
thermore, their calculations do not include hyperon-hyperon
interactions and hence the effects of additional hyperons on
the hyperon mean field are neglected in solving the self-
consistentG-matrix equation. In this paper we try to be as ] e
complete as possible in that we include all possible interac- e
tion channels that are allowed for the baryon octet. We use I NSCo7e k
the recently constructed NSC97 baryon-baryon potential
models[19,20 to describe all these channels. 0
The content of the paper is as follows. In Sec. Il we
briefly highlight some of the features of the employed
baryon-baryon potential models. In Sec. Ill we review the
definition of theG matrix and related quantities, with some
emphasis on the treatment of the coupled channels. In Sec.
IV we present and discuss the results of our calculations. We
conclude with a brief summary of our findings in Sec. V.

200 300

Tlab (MeV)

100

180 " T : T . .

Il. BARYON-BARYON POTENTIAL

8 (deg)

In this paper, we report on the first results from an inves-
tigation of strange hadron matter using the most recently
developed baryon-baryon potentifd®,20. These potentials
are constructed within the dynamics defined by the(ZU

symmetry, and the data of nucleon-nucleoNN) and - 1SO NSCa7f T
hyperon-nucleon YN) reactions. We follow a similar
. _90 1 1 L
Brueckner-Hartree-Fock formulation as recently employed 0 100 200 300
by Schulzeet al. [12], but with an important improvement: T, (MeV)
al

the starting coupled-chann®dIN&YN@ Y'Y potentials in-
clude theAA,AS .23, and EN channels of strangeneSs
=—2, as required by S(3) symmetry. The presence &

then also enforces us to consider B andZ2 channels

of strangenes§= —3, and theE E channel of strangeness baryon-baryon potentials is that the @Ysymmetry is ap-
S=—4. The assumption of S@) symmetry allows us to plied to the full range of the interaction; i.e., to the long-
unambiguously define the baryon-baryon interactions for theange as well as to the short-range part. Although there is no
S= —2,—3,—4 systems from the previously constructédl  empirical evidence that the short-range part indeed satisfies
andY N interactions. the SU3) symmetry(there are nor Y scattering data to test
However, because of the lack of sufficiently accurété  this assumption, for example, with these potential models
data and some uncertainties in @Ucoupling constants, the we have chosen for this approach since it allows us to extend
constructed baryon-baryon potentials have some model deghe NN andY N interactions to all Y interactions describing
pendence. In Ref[19], six YN models have been con- theS=-2,—3,—4 systems, without having to introduce any
structed, based on different choices for the vector-magnetigew parameters. To illustrate the differences between the
F/(F+D) ratio, ay . Values range fromay'=0.4447 for  various interactions, we show in Fig. 1 th&, elastic phase
model NSC97a tav)=0.3647 for model NSC97f. The dif- shifts for the two models in th&\N,AA,33(T=2), and
ferent choices fora{} (consistent with static or relativistic EZ channels. The differences between NSC97e and
SU(6) predictions are chosen such that the models encomNSC97f are fairly small and, at this scale, will only show up
pass a range of scattering lengths in ¥l and AN chan- in the AA channel. A more detailed description of the
nels, but all models describe theN scattering data equally NSC97 potential models in th¥Y channels is presented
well. Differences show up in more elaborate applicationselsewherg?20].
such as hypernuclear calculations; see RE3] for a more
detailed discussion. In this paper we will only consider mod-
els NSC97e and NSC97f, which seem to be the most consis-
tent with the existing hypernuclear d4gtE9]. In the next section we will present the results of several
Another important assumption in the construction of theBrueckner-Hartree-Fock calculations using the baryon-

FIG. 1. 1S, phase shifts for elastic identical-particle scattering,
for models NSC97e and NSC97f.

lll. G-MATRIX FOR COUPLED CHANNELS
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baryon potentials for th&=0, . .. ,— 4 systems, and so here
we review some of the aspects of tBematrix and define the
relevant quantities. In each case, fegange nuclear matter
is characterized by a total densjiy which is broken up into
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expansion, as is obvious from thevl? expansion in Eq(3).

The same M? expansion was used in the derivation of the
NSC97 potential$19]. Brockmann and Machleid22] have
demonstrated the effect on nuclear-matter results when one

the contributions from the four baryon species according touses instead the relativistic energies and the Dirac equation

p=pntpatpstps

=p(xnt XAt xs+txz=)

1 -
:F(zkg“)% k(M3 4 3kE)3 4 2k(F)3), (1)
w

This also defines the Fermi momentk{ for a baryonB
with density fractionyg . As standard, we define the ma-
trix G(p1,P5;P1,P») for incoming (unprimed and outgoing
(primed momenta. Defining mass fractions;=M;/(M;
+M,), the total momentum i®=p,;+p,=p; +ps5, and the
relative momenta are given b= u,p;—u1p, and k’

= uoPp1— 11P5 . The G matrix satisfies the Bethe-Goldstone
equation[21]

3

G(k',k;P,w)=V(k’,k)+f ((21:)3

V(k',q)

Q(q,P)
o—E;(u1P+q)—Ex(uP—0)
XG(q,k;P,w),

2

where Q(q,P) is the Pauli operator which ensures that the

intermediate-state momenta are above the Ferm{ssmabe-

low). The w denotes the starting energyncluding rest

massel while the intermediate-state energies are given by
pr? P

_—t —

E1(p1) +Ex(p2) =Mi+M,+ 2M, " 2M,

+ReU(p]

+ReU(pj

P2 2
=M+W+E+RGU

+ReU(uP—q),

(n1P+q)

)

with M and u the total and reduced mass, respectively. The

single-particle potentials) are defined by
«®) d°p,

U(Pl):f (2m)°
+Ea(p2) ], (4)

where it is to be understood that the Fermi momenk{ffhis
associated with the particle which has momenfumHence,
we have two equations, Eg&) and (4), which have to be
solved self-consistently.

G[p1,P2:P1:P2; @=E1(p1)

In our calculations we have made several approximations.
First of all, the energies are treated in the nonrelativistic

for the single-particle motion; these type of calculations have
become known as Dirac-Brueckner calculations. For purely
nuclear matter they find that the saturation point shifts to
lower density and has a smaller binding energy per nucleon.
In analogy with their result, we expect that a proper Dirac-
Brueckner calculation for strange nuclear matter will also
show a shift of saturation points as compared to what we find
in our present Brueckner-Hartree-Fock calculations. How-
ever, we believe that the calculations presented here suffice
for our purpose, which is to study the general features of
strange nuclear matter. Any shift of saturation points is only
expected to be relevant in those cases where the matter under
consideration is on the boundary of being bound or unbound.
In those cases, the Dirac-Brueckner result might show that
matter which we find to be just bound is actually unbound, or
vice versa.

A second approximation is that the single-particle poten-
tial is radically put to zero for momenig above the Fermi
sea: the so-called “standard” choice. This causes a discon-
tinuous jump inE;(p;) atp;=pg, and so it is also known as
the “gap” choice. An alternative choice is to retain a non-
zero value for momenta above the Fermi sea: the so-called
“continuous” choice[23]. There are various physical argu-
ments which favor this latter choi¢@3], but its main effect
is to merely shift the saturation curve to give more binding,
without changing the overall density dependence very much;
see, e.g., Ref$24,25 for the effect in ordinary nuclear mat-
ter. However, these differences are only of relevance on a
guantitative levele.g., when a comparison is made with the
experimental saturation pojptand so we argue that for this
first study of the general features of strange nuclear matter it
suffices to use the gap choice. Another motivation is that the
continuous choice considerably complicates the propagator
in the Bethe-Goldstone equation, which makes the calcula-
tions much more cumbersome and computer intensive.

A further simplification in the self-consistency calculation
is that we assume a quadratic momentum dependence for the
single-particle potentidl (p). This means that we can define
an effective baryon madd* in terms of which the single-
particle energy can be written as

2

Ei(p)=M;+ oM. +ReU;(p)

(5a

2

%Mﬁzp +ReU;(0), (5b)

*
i

where U;(0) is easily obtained from Eq4), while M is
obtained from

M [, ReUi(pr)—ReU;(0)]

6
M, oZ/2M, ©

024006-3



V. G. J. STOKS AND T.-S. H. LEE PHYSICAL REVIEW ®0 024006

The advantage of using E¢pb) is that the self-consistency where we have explicitly separated off the angle dependence
condition only needs to be calculated@at0 andp=pg, of the d®p, integral. The isospin factors are present to ac-
rather than at a range of momentum valuesg@<pg, as count for all the contributions of the possible isospin states.
required when using Eq5a). Also, the binding energy does (Our calculations are done on the isospin basimally, the
not require a numerical integration, but is easily done anasubscriptAS denotes that we have to include both direct and
lytically. We checked for various cases that the parametrizaexchangedHartree and Fockcontributions. For identical
tion of Eq.(5b) indeed fairly accurately represents the single-particles, this can be accounted for by multiplying tBe
particle energy as obtained from an explicit calculation usingnatrix from the Bethe-Goldstone equation with the factor 1
Eq. (5. _ _—(—1)""s*t with t=1 for singlet-even and triplet-odd par-
In Eq. (2), the Pauli operator needs to be expressed in. - . . .
terms of P and g. Clearly, |M1P+Q|>k(pl) and | 1,P—q| tial waves andt=0 for singlet-odd and triplet-even partial

=k® are both satisfied wheg=u;P+k&® and q= u,P waves.(Note tha'tl_if equivalent to the isospin in the case of
+k@ . Similarly, when g2<k®?—(u,P)? or q?<k@?  PureNN or pure== systems. _

— (u,P)? at least one of the inequalities is not satisfied. For T We now want to include all species of the octet baryons,
values ofq between these two limits, there are two restric- "€ @bove expressions can be easily generalized. First, the

tions on the anglé(P,q), namely internal sum ovel”,s” in the Bethe-Goldstone equation then
Y also involves a sum over all possible channels allowed for a
(uq1P)%+ qZ_k(Fl)Z particular two-baryon interaction. Of course, the propagator

C0S#> —Cc0oSH=— 5P ) needs to be modified to account for the relevant masses and

#aq thresholds in each particular channel, and the Pauli operator

(oP)2+ 2 — k202 should contain the Fermi momenta belonging to the relevant
F

55 7) species. Second, the single-particle potentials have to be
2t summed over all baryon species. Using the notatil@ﬁ')

mate this latter constraint by taking an average value for th@ctions with particle®’ in the medium, and a bra-ket nota-

C0oSH< CoSh,=

Pauli operatoQ. We therefore define tion for the final-initial state particles, we have
Q(q,P)=1, if g=ma{u,P+k&d,u,P+k)] /
Us(p) =2 UE (py), (19)
=0, if g*<ma{k{?—(u1P)% k%~ (uzP)?] B’
=min[cosé,,cosh,], otherwise. (80  where
In the partial-wave projection, the Bethe-Goldstone equa-
tion for a system with isospiit and total angular momentum U(B’)(p )= (2J+1)(2T+1) -
J becomes B T 1S s (2sg+1)(2tg+ 1)
JT ' . _ JT ’ N2
G|f5/y|5(q ,q;P,w) V|15r1|s(q ,q) % J'+1d COSHJkﬁB p2dp;
2 5 - -1 (2m)°
+_ d " ”V/ IR ,1 "
72, ) daa Vs (@A) X 4m(BB'|GIT [k k:P,E®(py)
Q(q",P) +E®)(p,)]agdBB’). (12)

o—M—P?2M —q"?2u—X+ie

The allowed values off,J,l,s depend on what particular
baryons make up the scattering procBssB’'—B+B’. For
example U{Y) gets contributions from direct isospin-ZEN
+U(|u,P—q|) plus angle-averaging for the continuous scattering, but also from the coupled-channel isospin-1/2

choice. The single-particle potential is obtained self-(.AN'EN) scattering. 'T‘ our calcul_ati(_)ns we include all par-
. tial waves up taJ=4. Finally, the binding energy per baryon
consistently from . :
is obtained from

X Gy 1o(0", 0P, @), (9)

where X=0 for the gap choice andX=U(|u,P+q|)

Upy= S (2J+1)(2T+1)
(P1 _T,J,I,s (2s;+1)(2t;+1) 4 E (k(B)y d3k k2
N> (ZSB+1)(2tB+1)f - 35+ 5 Ys(K)
+1 (B p3dp ° (2m)=L<Ne
xf dcosaf F 4G
-1 o (2m)? ' 1 31 1 G,
:EE PB ReUB(O)+E _*+M_ kg:) . (13)
X[k,k;P,E1(p1) +Ea(P2)]as, (10) . Mg B
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FIG. 2. Saturation of pure systems. The dashed curve and solid curve are the predictions of(enedelé), respectively. The purg
system represents tig= 2 case without the Coulomb interaction. The results for the two NSC97 models for purely nuclear matter are
practically indistinguishable and only the solid line is figured.

IV. RESULTS sults for NSC97e and NSC97f is due to the fact thatiBe
partial-wave contribution to the single-particle potential
o _ i ) (which is large and positiyefor NSC97f is almost 40%
The first interesting question to ask is whether all of thelarger than for NSC97e. In addition, thtP, partial-wave
'hsojp'” Symg'et“g mgtter'l’(f(l)t) mad((aj_of Ionlydone E'_”d gff contribution(which is also large, but negativéor NSC97f is
adrons 15 bound. LUr resutts are dispiayed in Fig. Ohbout 10% less attractive and largely compensates for an
models NSC97_<édashed curvgsand NSC97{solid curves, increased attraction in th&S, partial-wave contribution. An
The saturation curves for the purely nuclear system are T
> : . important part of the attraction is due to the scalar-exchange
very similar to what is obtained for other one-boson- art of the potential. Since the existence of a nonet of scalar
exchangeNN potentials found in the literature. The results P 5] ' below 1 GeMi still hiahl i
for the two NSC97 models are practically indistinguishable,'ﬁnespnS with masses below >€M5 still highly contro-
which, in fact, is true for all six NSC97 models. This is a Versial (especially the low-mass isoscalarmeson, a com-
reflection of the fact that these models all describeNt¢ ~ Ment is in order. We first note that within a one-boson-
scattering data equally well. exchange model for thE N interaction, the scalar-exchange

We see that the purg system is not bound at all for both contribution plays a crucial role in providing the required
models. The pure\ system was calculated including the attraction. Whether this contribution represents a true ex-

coupling to theEN and 33 channels. If this coupling is change of scalar mesons or just an effective parameterization
switched off(and so only elastid A scattering is possibje  Of two-pion exchange and more complicated interactions is a
the curves shift to slightly higher values: about 10% higherquestion which goes beyond the scope of this paper. Here we
for NSC97e and about 5% higher for NSC97f. only want to mention that arbitrarily removing the (or, in

The pureE system is more bound and saturates at highepur case[19], the broade) contribution renders purely
densities than the nucleon system. The difference in the reauclear matter unbound at all densities. However, the gure

A. Pure systems

024006-5



V. G. J. STOKS AND T.-S. H. LEE PHYSICAL REVIEW &0 024006

system still remains bound, although it saturates at a smaller o
density. i

Pure matter withT,=0 is expected to be highly un- [
stable, because it can decay strongly into matter via 5+

3t3"—AA and2%3°- AA. However, we can consider
pureX ™ or pureX~ matter withT,= =2, respectively. In-
clusion of the Coulomb interaction in this charged system is
beyond our present calculatidgand is likely to modify the
resuld, and so the third panel of Fig. 2 represents the result
without the Coulomb interaction and is included for illustra-
tive purposes only. The difference in the results for NSC97e 15T

and NSC97f is due to the fact that the single-particle poten-

-10

T

E/Ag(MeV)

[ —.—.. o,
tial for NSC97f is slightly more attractive for almost all I 30% A NSCo7e
X . : . T s 40% A
partial-wave contributions, which adds up to a substantial 2ol
difference in the total single-particle potential. 0 0.1 0.2 s 0.3 0.4
The results of these calculations show that for the em- p(fm™)
ployed baryon-baryon models of Ref&9,2Q the only pos-
sible long-lived strange pure system within QUis the = 0 L A B

system, which is stable against strong decays. This suggests
that the inner core of high-density astrophysical objects i
could be rich inE particles, but to further investigate this 5r
requires much more elaborate calculations. [

B. {N,A} systems

E/Ag(MeV)
5]
T

We next consider the change of the nuclear binding by
addingA’s. The results are shown in Fig. 3. We should point

out that, even though the andE are not explicitly included -15 +

as part of the medium, the coupling to these particles via the I

transition potentialsV(AN—3XN) and V(AA—ZN,33) L —m 30%A NSCa7t

are included. We see that the binding first slightly increases o0 L 40%aA
until the A fraction reaches about 10%. The system rapidly 0 01 0.2 0.3 0.4
becomes less bound when makeparticles are added. p(im®)

The most stable system occurs at abput0.28 fri 3
and y,=0.1 with E/Ag=—13.2 MeV for NSC97e and at FIG. 3. Saturation of{N,A} systems for various fractions
about p=0.27 fm3 and x,=0.05 with E/Ag=  pal(pntpa).
—12.7 MeV for NSC97f. The\ fraction at the minimum is ) o
very similar to they,~0.06 found in Ref[12], but in their NSC97f. In Ref.[12] the saturation density is more or less

case the minimum occurs at a lower density with a highefndependent of the\ fraction; see their Fig. 5. _
binding energy f=0.23 fm 3 with E/Ag=—16.0 MeV). Our results suggest that muli- systems produced in

This difference is due to various reasons. First of all, thg€lativistic heavy-ion collisions through, for example, the
larger binding energy found in Ref12] is due to the fact coalescent mechanism co_uld be, Io_osely b_ound. However, the
that they use the continuous choice for the single-particl®'€Sence of a large fraction of’s in the inner core of a
energy, whereas we use the gap choice. The smaller dens@‘?”se star seems unlikely, since a too large fraction tends to
at which their saturation occurs is due to the differhy estabilize it.

potential that is employed: they use the parameterized Paris

NN potential[26], whereas here we use theN potential as C.{N,A,E} systems

given by the NSC97 models. Furthermore, the results of Ref. - A further difference between the present work and that of
[12] do not include the effect oA’s interacting with them-  Ref. [12] is that here we can also include tBe(and3) as
selves. Wedo include theA A interaction and, although we part of the medium. To investigate the influence of including
find that the contribution oU(AA) to the total single-particle ='s, we perform calculations for a system consisting of
potential is rather small, its influence starts to become noticeN, A, and=Z. TheY’s are excluded since they can easily be
able as the\ density increases. At lowk density the indi-  annihilated, as stated before. Another motivation for their
vidual partial-wave contributions t0*) are almost all nega-  exclusion is that the values for the strong transitiorsN

tive, but as the\ density increases some of them start to give— AN, 33 —AA, 2A—ZN, and>E— AE are about 78,
(relatively important positive contributions. As a conse- 156, 50, and 80 MeV, respectively. To Pauli block these
quence, the effect of the inclusion of the\ interaction for  processes, we need a rather high density ofOn the other
increasingy , is to shift the density at which saturation oc- hand, theQ value of EN— A A is only about 28 MeV. The
curs to lower values. The effect is most pronounced forpresence ofE could then help prevent the collapse of the
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FIG. 4. Saturation of charge-neutfd,A,=} systems for vari- FIG. 5. f, dependence of théN,A,E} system for three given
ous fractionsp, /(pn+ pa+pz).- fractions of nucleongy .

{N,A,E} system since tha A—ZN reaction can be Pauli With a givenyy we carried out calculations for various com-
blocked. The importance of includiri§’s was first pointed binations of (¢, + x=)=(1—xx). In general, we find that
out in Ref.[9]. the system is less bound for highe, as could already be
It is interesting to first investigate the charge-neutral sysmfe‘ffed from comparing Figs. 3 and 4. The reason is that
tems consisting of onl\,A, and . They can be formed U’ becomes more negativattractive asyz increases, but
with a density distribution ofo,=p,=pzo=pz-. Our re- this is compensated by positiveepulsive contributions
sults are shown in Fig. 4. We see that the systems are onfyom U{Z) andU$"") . The cancellations are large enough to
loosely bound. The\ density is too low to Pauli block the preventp: from becommg too large, and so the large bind-
EN—AA process. This suggests that a charge-neutrahg energies as found close to the saturation point of the pure
strangeness-rich system is unlikely to be seen in nature or t& system(see Fig. 2 cannot be reached.
be created in relativistic heavy-ion collisions. These calculations allow us to examine théf,) depen-
We now turn to investigating the dependence of the binddence of the binding energies at the saturation point of an
ing energy of theN,A,E system on the strangeness per{N,A,Z} system. The results are shown in Fig. 5. In each
baryon. As discussed in previous woifls-11], this depen- case, the curves cover the allowég values that can be
dence is most relevant to the investigation of relativisticreached. We see that ds (and f) increases, the system
heavy-ion collisions. For this purpose, it is useful to definebecomes less bound. Wher=0.7, the purel{N,A} sys-
the fractionsy; = p; /p for the different species=N,A,=,as tem (i.e., xz=0) has the lowest binding, but whep, gets
in Eq. (1). The strangeness per baryon for iy A,E} sys-  smaller than 0.6, systems with increasigg are preferred.
tems can then easily be calculatedfas y,+2xz. Since  This follows from the fact that in those cases the curves
we work on the isospin basis, we wiII only consider systemsshow a (shallow) minimum. However, whenyy=<0.4 the
with p,=p,=3pn and pzo=p=-=3p=. The charge per system becomes unbound. Our results contradict the results
baryon is thenf =3(xn—xz). For each{N,A,E} system from the relativistic mean-field calculations of Ref8—11]
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(see Figs. 2 and 3 of Ref9]). The differences, of course, Fig. 2. Of course, our special choice fgr, means that the
could be due to finite-size effects, since these authors corstrangeness per baryon can only go upde 4/3, and so the
sider a shell model for finitéN,A,=} systems(up to very  result for fs>4/3 in Fig. 7 is not calculated, but is rather
large Ay=310). But it is more likely that the difference is obtained by simply extrapolating to the pugeresult which
due to the differences in dynamical content of the calculahas fs=2. Comparing with the results of Fig. 5 for the
tions. This can be understood by observing that the meariN,A,E} system, it is clear that the addition of thecom-
field calculation within the Brueckner-Hartree-Fock ap-ponent drastically changes ttig dependence, but it is im-
proach amounts to neglecting the residual baryon-baryoportant to remember here that the system contaitings
interaction terms in calculatinde/Ag. Moreover, these highly unstable against strong decays, as discussed above.
mean-field result$9] use quite different potentials and in- The results shown in Fig. 7 perhaps cannot be verified in
clude certain rearrangement terms proportional to the actuaélativistic heavy-ion collisions. However, it could represent

meson fields. the situation in the core of neutron stars in which the pres-
ence of high densitg™ can produce a lot of , initiated by
D. Inclusion of 3, the reactiore™ + n—>2_ + .

Although the 3 particles can be easily annihilated, as
stated before, their presence largely increases the binding of
the system, which might be of relevance in the formation and We have investigated strange hadron matter in the context
stability of such a system. To demonstrate the effect of addef a baryon-baryon potential model based on(®$ymme-
ing X’s we first consider a charge-neutfll, A, =} system try. The parameters of the potential model were fitted to the
with yy= x=z, and sof=1. For each choice ofy=x=z we NN andY N scattering data, and the assumption(twioken
can add different fractions d’s as long as f,+ xs)=(1 SU(3) symmetry allows us to extend the model to also de-
—xn— xz)- Note that these systems all still hatig=1. In  scribe the other interaction channels that are allowed for the
order to prevent having to show numerous figures or tablesaryon octet; i.e., th&/ Y,ZN, ZY, and 2Z interactions.
we will here only consider the systems wigh,=xs. The  The potential for these interactions is defined without the
results are shown in Fig. 6. They should be compared witmecessity of having to introduce new free parameters.
the saturation minima in Fig. 4. We clearly see that adding The calculations have been carried out by using the
also2.’s drastically improves the binding of the system com-Brueckner-Hartree-Fock approximation. Within the frame-
pared to adding onl\’s. work that we use to define the potential model for the

The increase in binding due to additgs allows us to  baryon-baryon interactions, we find that the pAreystem is
further explore thefs dependence in the region beyofi  unbound, whereas the puge system is more strongly bound
<1. Again, numerous choices for the different particle frac-and saturates at higher densities than the pursystem.
tions are possible, but here we will only restrict ourselves tcAdding A’s to pure nuclear matter slightly increases binding,
systems with equal fractions for the strange particles, i.e.as long as the\ fraction is less than about 10%. Larger
Xy=XAr=Xs=xz= . We find that these systems are bound forfractions cause a decrease in binding. Addig, of impor-
any value ofyy. Thefg dependence of this mixed system is tance due to the reactioAA—ZEN, drastically reduces
shown in Fig. 7. We see that &g increases, the system binding, and sdN,A,=Z} systems are onlyweakly) bound
becomes more bound, except in the lbywegion. Note that  for nucleon fractions larger than 40%. Our results represent a
at the highest,=2, the system is the purg system as in step forward, since the previous Brueckner-Hartree-Fock cal-

V. CONCLUSION
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culation[12] did not include theZ'’s. ticularly important if one is to give more precise predictions
By carrying out extensive calculations for tha,A,E} in the higher-density regions. Another reason is that perhaps
and{N,A,3,E} systems, we have predicted the dependencé is only at that order that the issue of using the gap choice
of the binding energy on the strangeness per baryon, a quaor the continuous choice for the single-particle energies in
tity that is needed to be determined as precisely as possibilving the self-consistent Eqé2) and (4) becomes irrel-
for identifying the strange quark matter created in relativisticevant, as was shown in a recent work on ordinary nuclear
heavy-ion collisions. Our results are significantly differentmatter[27]. Our investigation in this direction will be pub-
from previous calculations based on relativistic mean-fieldished elsewhere.
models. We argue that the differences are mainly due to the
two-body correlations, which are neglected in relativistic
mean-field models. _ _ ACKNOWLEDGMENTS
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